Objective: Dental fluorosis has considerable implications on the patients' quality of life. The present study assesses the comparative effectiveness of the various interventions for the treatment of fluorosed enamel.
and delaying or inhibiting enamel matrix protein degradation. 1, 5 An abnormal growth of apatite crystals is seen, which has as consequences optical and physical tooth surface changes. 6 Optically, dental fluorosis is characterized by hypomineralization of tooth enamel, seen as diffuse, symmetrical, discolored white opaque stains and striations. 1 Enamel surface lesions, such as pitting, porosity, and brownish areas often occur in the more severe forms of fluorosis. 1 Depending on the amount of fluoride uptake, duration of fluoride exposure, and stage of amelogenesis the severity of symptoms varies and requires different measures. 7 Even though the esthetic perception of enamel mottling is variable across patients, this may have considerable psychosocial effects on many patients and impact their quality of life. 7, 8 Therefore, considerable efforts have been put in identifying an effective means to treat fluorotic stains that might be chosen according to lesion severity. 1, 9 A wide range of interventions of varying invasiveness have been proposed to treat fluorotic enamel, including external bleaching, microabrasion, dental veneers, or crowns 2, 10 or a combination of methods. 11, 12 As patients with enamel mottling are quite young, with a life expectancy of many decades, minimal-invasive, hard-tissue sparing restorative approaches such as microabrasion, external bleaching, or resin infiltration have gained momentum. 3, 9 Microabrasion is based on the application of an etching gel (mostly HCl) followed by pumicing with slow rotation handpiece. Bleaching of vital fluorotic teeth with various kinds of acids (mostly H 2 O 2 ) that produces peroxide ions to penetrate enamel and dental tubules and reduce the contrast between white spotted lesions and sound enamel has also been widely used.
Finally, enamel infiltration with low-viscosity light-cured resins was initially developed to inhibit incipient caries lesions, but has been applied recently in the masking of fluorotic stains, because of the resin's similar to enamel refractive index.
| Objectives
Although several treatment approaches have been suggested for the treatment of dental fluorosis, their effectiveness has not yet been compared in an evidence-based fashion in order to formulate clinical recommendations. Aim of the present systematic review was to identify and synthesize according to the guidelines of evidence-based medicine all existing evidence from randomized clinical trials in human patients of any age or sex with enamel fluorosis lesions being treated with at least one intervention in any clinical setting.
| MATERIALS AND METHODS

| Protocol and registration
A review protocol was made a priori based on the PRISMA-P statement, 13 and relevant reviews were manually searched as well.
| Study selection
For calibration, a pilot study was conducted prior to the main study selection. Subsequently the title, abstract, and full-text of identified studies were screened by one author (TDG) with a subsequent duplicate independent checking for eligibility by a second author (SNP), whereas conflicts were resolved by a third author (TE). All trials that
were not excluded for any of the abovementioned reasons were finally included in our review.
| Data collection
Characteristics of included trials and numerical data were extracted independently by two review authors (TDG, SNP) using predetermined and piloted extraction forms. Piloting of the forms was performed during the protocol stage until over 90% agreement was reached. Missing or unclear information was requested from the trial's authors or reanalyzed first-hand, when possible.
| Risk of bias in individual trials
The risk of bias of included trials was assessed using Cochrane's risk of bias tool 14 after initial calibration by two authors independently (TDG, SNP).
| Data synthesis
Meta-analysis was planned to be performed, if similar interventions and control groups were compared and similar outcomes were measured from at least two outcomes with Mean Differences (MDs) and
Relative Risks (RRs) for continuous and binary outcomes, respectively, and the corresponding 95% confidence intervals (CIs). As no two trials on the same comparison were available for meta-analysis, the MDs/RRs were calculated for all included trials and data synthesis was performed descriptively according to the trial's risk of bias and the results' clinical relevance. A clinically relevant effect was conventionally judged as an MD larger than half a standard deviation (SD) of the control response or an RR larger than 1.30 (or smaller than 0.70).
The overall quality of evidence was rated as very low, low, moderate, or high using the GRADE approach 16 by one author (SNP) and checked by another (TDG). The full study dataset was openly provided through Zenodo. 17 
| Risk of bias across studies and additional analyses
A number of additional analyses and sensitivity analyses for metaanalysis were planned during the protocol stage, but could ultimately not be performed, as no meta-analysis was conducted.
3 | RESULTS
| Study selection
A total of 572 papers were identified through the electronic and one through manual searches, respectively ( Figure 1 ). After removal of duplicates and initial screening, 28 papers were assessed for eligibility, from which six could be included in our review (Supporting Information Appendix S2).
| Study characteristics
The characteristics of the included papers can be seen in Tables 1 and   2 . All of the six studies were randomized controlled trials from four countries, with 2 (33%) being within-persons randomized trials and 4 (67%) being parallel randomized trials. A total of 348 patients were included, (with 40% male and 60% female patients in the four trials that specified sex) and an average age of 17.7 years (in the three trials that specified age). At least 1518 teeth with fluorotic enamel were included, which were treated mostly for esthetic reasons. 
| Risk of bias within studies
The risk of bias assessment for the included six trials is shown in Figure 2 and can be seen more detailed in Supporting Information Appendix S3. Serious risk of bias was found in four of the trials (67%)
for at least one bias domain, with the most problematic domain being the blinding of outcome assessors (high risk of bias in 67% of trials), followed by blinding of participants/personnel (high risk of bias in 50% of trials).
| Results of individual studies and data synthesis
The treatment effects of all outcomes reported in the identified trials (Table 3) .
As far as direct comparisons between interventions are concerned, bleaching was adopted as a reference intervention, as it contributed with the largest number of trials (Table 4) . Compared to bleaching, microabrasion resulted in a significantly smaller esthetic improvement of fluorotic stains 6 months after treatment, which was clinically relevant (MD = −2.9; 95% CI = −3.4 to −2.5). On the other side, no difference could be found post-treatment in tooth sensitivity between the microabrasion and bleaching. Both conclusions were however supported by evidence of low quality according to GRADE, because of high risk of bias and imprecision (Table 4) .
Furthermore, compared to bleaching, all other tested interventions, including resin infiltration for 2 0 , resin infiltration for 3 0 , or bleaching followed by resin infiltration for 3 0 lead to both statistically and clinically greater esthetic improvements and greater improvements of the fluorotic stains. This was supported by evidence of moderate quality according to GRADE, due to the inclusion of a single trial with limited sample size (as in all cases). Finally, the esthetic 
| Risk of bias across studies and additional analyses
| DISCUSSION
The present systematic review summarizes clinical evidence from six available randomized clinical trials on the treatment of mild to moderate dental fluorosis. According to evidence of low quality, bleaching is effective in significantly improving the colorimetric properties of fluorosed enamel (P < .001; Supporting Information Appendix S4), although the discernable overall color difference between bleached fluorotic and healthy enamel is not significantly different (P = .10; Supporting Information Appendix S4). Additionally, compared to bleaching, microabrasion seems to be associated with smaller esthetic improvement, whereas resin infiltration for 2 0 or 3 0 and bleaching combined with resin infiltration seem to be associated with greater esthetic improvements (P < .001; Supporting Information Appendix S4).
As far as different interventions are compared, microabrasion was found to be significantly less effective in the treatment of fluorotic enamel stains than McInnes bleaching (with a solution of H 2 O 2 , HCl, and ether). Microabrasion has previously been suggested as an effective means to remove enamel stains that are confined to superficial enamel layers, with possible underlying mechanisms being a dissolution of the residual organic material (including pigmentations) and loosely mineralized tissue by acids, allowing for a subsequent "correct" remineralization by salivary and fluoride minerals. 3 Others report that it is difficult to determine which stains are sufficiently superficial for correction with microabrasion. 18 Additionally, there are reports that microabrasion might be effective in removing mild fluorotic stains, but might be less effective against fluorotic stains of even moderate severity. 19 Furthermore, an identified trial that was not included in the GRADE analysis 11 compared microabrasion alone and microabrasion followed by home bleaching, but found no added value from subsequent bleaching.
Additionally, resin infiltration with recommended application strategy (2 0 ) or with increased time of infiltrant application (3 0 ) showed better results than bleaching in treating fluorotic enamel stains. 12 This might be expected, as resin infiltration has been previously suggested a When one value is given, this pertains to mean patient age; when this is not reported in the trial, the age range is given. have many histological and optical similarities to enamel fluorotic stains. 22, 23 As far as adverse effects are concerned, only a very mild transient tooth sensitivity was recorded after the use of either microabrasion 3,11 or bleaching, 3,11 which was not clinically relevant and subsided after about a month. Additionally, signs of minimal gingival irritation were observed after microabrasion 11 or microabrasion combined with bleaching, 11 which were however transient.
However, some limitations are also present in this study. First and foremost, this systematic review included mostly small trials with limited samples, which can influence their results. 24 Moreover, the limited number of included trials precluded robust assessments of heterogeneity, subgroup analyses for many factors (including tooth type, fluorosis severity, and operator's experience), small-study effects, and reporting biases for all outcomes. Although publication bias could not be tested statistically due to the small number of included studies, we rate the possibility of publication bias as low due to our comprehensive literature screening that included gray literature.
| CONCLUSIONS
According to existing evidence from randomized clinical trials in humans, resin infiltration seems to be more effective in the esthetic treatment of mild to moderate fluorotic enamel stains than bleaching and microabrasion. Furthermore, no additional gains were found compared to conventional resin infiltration by increased application time of the etchant on enamel or combination with bleaching. Finally, no serious safety concerns were observed for any of the assessed interventions. However, caution is warranted because of the limited available evidence with moderate to high risk of bias.
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